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MIMO_ MAC
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The Tx cannot diagonalice the channel

The capacity
bounds are set 1= Iog(1+‘h1‘2 Elj
Independently
for every r2= Iog(1+\h2\2 Ez)
transmitter

As MIMOQ it is a bound on the sum-rate
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Decoding one user without interference implies that
(solve for the cross point of the two lines):
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Guideline: Estimate the strongest
symbol and subtract interference.

Beamformers for every user

?

Subtract interference from
s1 tos2

Estimate sl

b. v (symbol from user
=1 1) having s2 as
Interference
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Zero-Forcing Beamformer
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In consequence, both r1:|og[1+(1—¢)\hl\ E1:|
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ZF Region in the MAC Region




QR Decomposition and SIC
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Thus, we can detect s2 and
then subtract the interference
tosl

Does not achieves the (1= Iog[1+ MZ El}
sum rate but rl is -

detected at full-rate ro— Iog[1+ (1- ¢)\h2\2 Ez}

We get s2 free of
Interference
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QR Region in the MAC Region
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SIC: A DSP Formulation

From the likelihood, we can define the following error

2
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Now, suing the QR

AN\ decomposition for R, "H=QR
CTTC" the global channel
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ememnccens | 1EN, USING @ beamforming matrix B, at the receiver equal
to Q, we have:

B Q(dlag(dlag(R)))' »=Y,—-R s, where Y,=B"Xqg,
Now...

with  R" = diag (diag (5“ ))Ba
being diag (diag (ia ))is the identity matrix
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We have

Get an estimate by
thresholding in
accordance to the 111 C is strictly lower

given constellation triangulariii




Multi-stream
constellation
thresholding
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The labeling problem:
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MSE Beamforming and SIC
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Decoding user 1 without interference of user 2 implies to
decode first user 2 and then subtract the interference to
user 1. Since user 2 have to be decoded with interference
we will use a MSE receiver to remove interference from
user 1 as much as possible.
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This rate corresponds to the capacity
achieving rate of the previous slide

2 MSE=r2B
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MSE beamforming achieves
r2 capacity

rl+r2= |ogb+ h,|"E, +]h,["E, + El.EZ.AJ
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BER per user
Power per user in dB.
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MIMO-MAC 3users 3 ant RXCapacity rate versus snr
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MIMO Broadcast (MIMO-BC)

-~

The Rx cannot diagonalice the channel

The capacity
region is set
when forzing a
global power
for the Tx.

rl= Iog(1+
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BC Channel Capacity

Maximize sum-rate with the constrain of
maximum TX power

From the PTP
.

5 5 formula
4 r1+r2=|og(1+\n1\ E; +|h,] E2+AE1E2j
AN\ st. Er =E,+E, 2 2
CTMTCQ E, = E; +‘hl‘ _‘hz‘
& Riemmincos The optimum power 2 2A
allocation is.....

And the sum-rate
maximized IS
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ZF Beamforming for MIMO_BC

Tx diagonalices the channel but it has to use ZF
since no cooperation Is available at thereceivers.
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The rate achieved by every user Is:
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And the ZF max. sum-
rate Is:

rl+r2=1log

CTTC!

e Catatunys L_oss due to the use of
Zero-Forcing
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Using lower triangular zero forcing

B=Ih I_hlhle hi2/2
= [ { h }(1—@ .h2]

Detect streaml precancel interference of stream 1 on

stream 2
2 Later on it will be
r1= Iog{lﬂm ElJ explained how the
r2 — |ogb+ (1—¢)\D2\2 Ez] Interference term IS
removed
2r1 . 2r2 _ E +( 1 . 1
h[ @-¢h ) " hS @-g)h,
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The sum-rate Is:

rl+r2= Iog[l+‘hl‘2 E,

Loss due for the “semi-
ZF” or QR beamforming
and “writing in a dirty
space”
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DPC A Signal Processing Formulation

From the likelihood, we can define the following error
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A == =0 ==
‘ 1& Now, suing the QR 05y o
AN\ decomposition for R, H=R"Q

CTTC" the global channel
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Then, using the beamforming matrix B equal to Q, we have:
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Let us define the input streams vectoras S, =R “V_
We have S, = R—lvn
°n 2, X

5a§n =V

diag(EH):B

¢y =Y -DR,3, Y, DV,

///

This is the AGC of 111 The receiver can de
each receiver decentralized, so each receiver
decodes its messageijii

Thus if the input is vector v, instead of s, we solve the
problem for the BC scenario
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Since..... This matrix is strict

-R*
—1+C / lower triangular

B

then  =n +9§n =V, =3, =V, _9§n

I'The problem is to

control the
e transmitted power |
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The modulus operation have to be introduced independently
For in-phase and quadrature components of the constellation

Thresholds for
modulus operation
on a SQAM
constellation

»
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The uniform distribution within the limits
of the basic modulus operation
(thresholds set equal to the maximum
4 plus half the symbol separation distance)
W provides a power equal to the square of

& the maximum divided by 3.

Modulation Modulus at:

CTTC® Unit Power In-phase Quadrat.  Excess Power
Nomoge BPSK 2 0 1.24 dB.
- OPSK 2sqrt(2)  2/sqrt(2)  1.24 dB,

8-QAM 4/sqrt(6)  2/sqrt(2) 0.45 dB.
16-QAM 4/sgrt(10) 4/sqrt(10) 0.28 dB.

VA 32-QAM 8/sqrt(26) 4/sqrt(10)  0.11 dB.

% = 64-QAM 8/sqri(42) 8/sqrt(42)  0.06 dB.
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The users have to be re-labeled such that the
diagonal terms of the R matrix are in strict
decreasing order.

To solve the labeling problem we need the generalized
qr decomposition, where matrix T IS a permutation
that provides the diagonals of R in decreasing order.
This Is In accordance with the scheduling, whenever
power is included within the QR.

The new error IS:

5(;0-5.x . —B;O'S.E.Bs - 550-5.&“ —diag(diag(B)).Ea.lH

A 2 ——'=°n
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R;OBL an —-Quiag(diag(R) R, T "Ti,

e - _—H
§n_-|=-!n:!n_l §n

Thus the final scheme Is:
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MSE Beamforming
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hZEBC hZEBC
SNR1 = 1 =1 _ 1 =1
1+(h1b2)*EZC 1+ @?E)C
[y, 71+ h2E, ) h
hib?2 = 12 1-1) 12 — P
(o \/(AEl +hs )+ AE1(1+ h{ El)
| @%E. (AE1+h22X1+h12E1)
" (AE, +h2 )+ AE, [1+ h2E, )
hZEBC hZEBC
[ SNR1= 1 1 =11 __|_hE
Bl 1+(Mb2?ESC  1+@2EEC| T

ESC —E,(1+ 02Ef°)

233
@
Q



=7 4 )

2
SNR2 = (hab2)? EEC =[~=1t " g,
1+h Ey
\_ Y,
5 2
[AE1 +h; ]
1+ h’E
(h2b2)* = —— s
4 (1+h2E, |AE, +hZ )- h3E,
\ o \2
CTTC" 2
Centre BC h12 El
En#efeaﬁ;uic“lm E2 = 1_ 2 2 E2
de Catalunya (1"‘ hl El XAE]_ + h2 )
. 2
EEC —E[l+®%EE¢) with @?=
1 1( 2 ) 1—F2El

003
@
e



38

CTTC"

Centre

Tecnoldgic

de Telecomunicacions
de Catalunya

003
@
Q

Iog[1+|h2|2 ET}

2r1 +£—E + 1 1
o

2" 1 1
+—=01-9)E,; +| —+—
) T [w M}

ET+{

2[’1

‘2

—1

ogli+ A- A E, |

—+
h* |n,["

|

1 1

2t 2
‘bl‘ (1_¢)‘h2‘

logh + |, |

|



59

MIMO-BC: Broadcast 3 users from a BS with 3
antennas, BER target equal to 10-2. Transposition and
modulus operation at Tx and Rx, 50 channel realizations.

MIMO-BC 3ant TX 3 usersCapacity and rate versus snr
20 . .
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